We find 95% confidence level limits on the anomalous coupling parameters a 0 , a c and a n with an integrated luminosity of 500f b −1 and √ s = 0.5, 1 and 1.5 TeV energies. We take into account incoming beam polarizations and also the final state polarizations of the gauge bosons in the cross-section calculations to improve the bounds. We show that polarization leads to a significant amount of improvement in the sensitivity limits.
I. INTRODUCTION
Gauge boson self interactions are strictly constrained by the SU L (2) × U Y (1) gauge invariance. Therefore the direct study of gauge boson self interactions provide a crucial test of the gauge structure of the standard model (SM) gauge boson production processes [1, 2, 3, 4, 5] . It will be possible to produce a final state with three or more massive gauge bosons in the next generation of e + e − colliders. After these future e + e − colliders are constructed its operating modes of eγ and γγ are expected to be designed [6] .
Future e + e − collider and its eγ and γγ modes will have a great potential to probe anomalous quartic gauge boson vertices. We concentrate on genuine quartic gauge boson couplings which do not induce new trilinear vertices. Genuine quartic couplings are contact interactions, manifestations of the exchange of heavy particles. On the other hand non-genuine quartic gauge boson couplings emerge from an operator that induces both trilinear and quartic gauge boson couplings. Non-genuine couplings can be investigated much more efficiently through their trilinear counterpart. In this paper we assume that quartic couplings are modified by genuine anomalous interactions while the trilinear couplings are all given by their SM values.
In writing effective operators associated with genuinely quartic couplings we employ the formalism of [7] . Imposing custodial SU(2) W eak symmetry and local U(1) em symmetry and if we restrict ourselves to C and P conserving interactions, dimension 6 effective lagrangian
where W (i) is the SU(2) W eak triplet, and F µν and W
(i)
µα are the electromagnetic and SU(2) W eak field strengths respectively. a 0 , a c and a n are the dimensionless anomalous coupling constants. Effective lagrangians (2) and (3) 
2 ) generated from the effective lagrangians (2) , (3) and (4) are given respectively by
For a convention, we assume that all the momenta are incoming to the vertex. The anomalous ZZγγ couplings are obtained by multiplying (5), (6) 7, 10, 11] , γγ → V V [12] , γγ → V V V [13] and γγ → V V V V [14] where V = Z, W or γ and F = e or ν. These couplings have also been studied at hadron colliders through the reactions pp(p) → γγZ, γγW and→ qqγγ, qqγZ [15] . the scalar sector, such as the Higgs boson mass. The same process was analyzed in [13] with unpolarized initial and final states. We take into account incoming beam polarizations and also the final state polarizations of the gauge bosons in the cross-section calculations to improve the bounds. We have showed that polarization leads to a significant amount of improvement in the sensitivity limits.
II. CROSS SECTIONS FOR POLARIZED BEAMS
The process γγ → W + W − Z is described by twelve tree-level SM diagrams and two new diagrams that consist of an anomalous vertex ZZγγ and a five-vertex γγW + W − Z which is necessary to preserve the gauge invariance of the amplitude [13] . Feynman rules for this five-vertex is given in Ref. [13] . Since W + W − γγ and W + W − Zγ couplings are non-zero in the SM, they contribute to the SM diagrams and modify SM amplitudes. The analytical expression for the cross section is quite lengthy and we have evaluated numerically. The phase space integrations have been performed by GRACE [16] which uses a Monte Carlo routine. As a check of our results we have confirmed the results of [13] for unpolarized beams.
The most promising mechanism to generate energetic gamma beams in an e + e − linear collider is Compton backscattering. The spectrum of Compton backscattered photons is given by [17] f γ/e (y) = 1 g(ζ)
[
where
e . E 0 and λ 0 are the energy and helicity of initial laser photon and E e and λ e are the energy and the helicity of initial electron beam before Compton backscattering. y is the fraction which represents the ratio between the scattered photon and initial electron energy for the backscattered photons moving along the initial electron direction. Maximum value of y reaches 0.83 when ζ = 4.8 in which the backscattered photon energy is maximized without spoiling the luminosity.
Backscattered photons are not in fixed helicity states their helicities are described by a distribution [17] :
where E γ is the energy of backscattered photons. The differential cross section for the subprocess is then written through the formula
Here dσ(λ
γ ; λ W + , λ W − , λ Z ) is the helicity dependent differential cross section in the helicity eigenstates; λ (1) and (2) represent the incoming gamma beams and ξ 1 (E
0 ) represent the corresponding helicity distributions.
The integrated cross section for W + W − Z production via γγ fusion can be obtained by the following integration:
where, dσ(γγ → W + W − Z) is the cross section of the subprocess defined by (12) and center of mass energy of the e + e − system √ s, is related to the center of mass energy of the γγ system √ŝ byŝ = z 2 s. We have calculated the cross sections imposing that the polar angles of the produced gauge bosons with the beam pipe are larger than 10 0 .
One can see from Fig.1 -3 In Fig.4 -6 we see the influence of the initial state polarizations on the deviations of the integrated total cross sections from their SM value. We accept that initial electron beam polarizability is |λ e | = 0.9. It can be shown from backscattered photon distribution (8) that photoproduction cross section for λ 0 λ e > 0 is very low at high energies [11] . Therefore we have only considered the case λ 0 λ e < 0 in the cross section calculations. Moreover interchanging backscattered photon polarizations (ξ 1 ↔ ξ 2 ) do not change the cross section due to the symmetry. During calculations we consider two different polarization combination;
(λ
0 , λ
e ) = (+1, −0.9, +1, −0.9) and (+1, −0.9, −1, +0.9).
III. SENSITIVITY TO ANOMALOUS COUPLINGS
We estimate sensitivity of the γγ collider to anomalous couplings using simple one parameter χ 2 criterion for the integrated luminosity of 500f b −1 and √ s = 0.5, 1 and 1.5 TeV energies. In our calculations we ignore systematic errors and new physics energy scale Λ is taken to be M W .
We assume that W and Z polarizations can be measured. Indeed angular distributions of the W and Z decay products have clear correlations with the helicity states of them. For fixed W and Z helicities the polarized cross sections can be obtained from a fit to polar angle distributions of the W and Z decay products in the W and Z rest frames. Therefore we consider the case in which W and Z momenta are reconstructible. We restrict ourselves to leptonic decay channel of Z boson with a branching ratio B(Z → ℓl) ≈ 0.067 (ℓ = e or µ) and hadronic decay channel of W boson with a branching ratio B(W →′ ) ≈ 0.676. [1, 18] .
The number of events are given by
At Fermilab Tevatron, polarization of the W bosons produced in the top quark decay has been measured by the CDF and D0 collaborations [19] .
In Table I -III we show 95% C.L. sensitivity limits on the anomalous coupling parameters a 0 , a c and a n for √ s = 0.5, 1 and 1.5 TeV energies. In the tables, LO represents the longitudinal and UNPOL represents the unpolarized W and Z bosons. Transverse polarization states of the final gauge bosons are omitted since the limits for transverse polarization are weak. We see from these tables that limits on the anomalous couplings are usually very sensitive in (λ
e ) = (+1, −0.9, +1, −0.9) initial and (λ W + , λ W − , λ Z ) = (LO, LO, LO), (UNPOL, LO, LO) final polarization configurations. For instance, (+1, −0.9, +1, −0.9) initial state polarization together with (LO, LO, LO) final state polarization (Table II) (Table II) . This polarization configuration improves the limits on a n approximately by a factor of 3 at 1 TeV and 4 at 1.5 TeV.
IV. CONCLUSIONS
We have obtained a considerable improvement in the sensitivity bounds by taking into It is stated in Ref. [13] that bounds on the anomalous couplings a 0 , a c and a n coming from γγ → W + W − Z are better than the ones that can be obtained in an e + e − collider. Our bounds on a 0 are a factor from 3.5 to 10 better than the bounds obtained in eγ → Zγe and a factor from 1 to 5 better than the bounds obtained in eγ → W γν depending on energy [10] . Our bounds on a c are approximately same with the bounds obtained in eγ → W γν and little better than the bounds obtained in eγ → Zγe. On the other hand our bounds on a n are little worse than the ones coming from eγ → W Zν [11] . ,λ e (1) ,λ 0 (2) ,λ e (2) )=(+1,-0.9,+1,-0.9) (λ 0 (1) ,λ e (1) ,λ 0 (2) ,λ e ,λ e (1) ,λ 0 (2) ,λ e (2) )=(+1,-0.9,+1,-0.9) (λ 0 (1) ,λ e (1) ,λ 0 (2) ,λ e 
